Introduction: The early detection of critically ill patients together with the rapid initiation of effective treatment in emergency departments(ED) increase the survival rates. Aim: This study investigated whether a correlation exists between haemodynamic parameters of critically ill patients and the diameter of the inferior vena cava (IVC). Materials and Methods: A cross-sectional study was performed included patients aged ≥ 18 years with an unstable haemodynamic and/or respiratory status who were referred to the ED for non-traumatic issues. IVC diameters were measured by ultrasound (US) and then central venous pressures (CVP) were measured. Anteroposterior (AP) and mediolateral (ML) diameters of the IVC, both in the inspirium (IAP, IML) and expirium (EAP, EML), were measured by US. Results: 102 patients were evaluated with a median age of 59. The relationship between the diameters of IVC and CVP was evaluated and significant correlation was found in IAP, EAP according to CVP values (p<0.001). ROC analyses were performed and significant relationship was found between the EAP diameter with haemoglobin (Hmg), haemotocrit (Hct), and central venous oxygen saturation (ScvO2) and also significant correlation was detected between the IAP diameter and white blood cell (WBC). Discussion: We detected significant correlation between the CVP and the IVC diameter in our study compatible with recent studies besides, significant correlation was found between the diameter of the IVC and CVP values as well as between the EAP diameter and Hmg, Hct, ScvO2 levels. Conclusion: Measurement of IVC diameters, especially EAP may be useful at the monitoring of critically ill patients in ED.
Introduction
The early detection of critically ill-patients and a subsequent rapid initiation of effective treatment in emergency department (ED) increases the survival rates of these patients. [1, 2] Of primary importance, respiratory or hemodynamic support should be used to stabilize their condition. [3, 4] Invasive and noninvasive parameters have been used for the diagnosis, management, and follow-up of respiratory and hemodynamic stabilization. [4] [5] [6] Regardless of the cause of the patient's status, the blood/ fluid volume of the patient is clearly of critical importance. Achievement of hemodynamic stabilization and treatment
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of shock usually require the administration of blood products, fluid and/or vasoactive agents. The volemic status of patients is estimated by the measurement of systolic blood pressure (SBP) via catheterization of the pulmonary arteries or central veins. Many recent studies have demonstrated correlations among the diameter of the inferior vena cava (IVC) measured by ultrasound, the volemic status of the patient, and the central venous pressure (CVP). [5] [6] [7] [8] [9] [10] [11] This study was designed to investigate whether a correlation exists between the diameter of the IVC and laboratory findings and basic and advanced hemodynamic parameters used in the management of critically ill patients.
Materials and Methods
This was a cross-sectional study performed between December 01, 2013 and April 01, 2014. This study was performed in an ED of a university hospital. The study protocol was approved by the Ethics Committee of the Faculty of Medicine, Uludag University. This study included nontraumatic patients aged ≥18 years with SBP <100 mmHg, heart rate >100/min and/or breath rate >20/min with alert mental status, who arrived in the ED. The IVC diameters were measured using bedside ultrasound (BUS) and CVP were measured by means of central venous catheterization. All patients' demographic data laboratory parameters including hemoglobin (Hmg), hemotocrit (Hct), white blood cell (WBC) and hemodynamic parameters such as CVP, SBP, and heart rate were recorded. Advanced hemodynamic parameters as pH, base deficit (BD), levels of bicarbonate, lactate, and central venous oxygen saturation (ScvO 2 ) were also measured.
Ultrasonographic measurements
The anteroposterior and mediolateral diameters of the IVC, both in the inspirium (IAP, and IML) and expirium (EAP, and EML), were measured. Measurements of IVC diameters were performed by emergency medicine specialists who were experienced and certified in ultrasonographic applications. For the measurements, the SIUI Apogee 3.5 MHz abdominal probe was used. All of the BUS measurements were obtained with the patients in the supine position were repeated twice, and the average of the two measurements was used.
Inferior vena cava diameters were measured both in the subxiphoid sagittal as well as the subxiphoid transverse views. For the subxiphoid sagittal view, the transducer was placed in the subxiphoid region using the liver as the acoustic window to visualize the IVC at the level of its entry into the right atrium [ Figure 1 ]. For the subxiphoid transverse view, the transducer was placed in the subxiphoid region using the liver as the acoustic window to visualize the IVC at the level of entry of the left renal vein into the IVC [ Figure 2 ]. The distensibility index of the IVC was the ratio of IVC max -IVC min /IVC min expressed as a percentage (dIVC%) (maximal end-expiratory IVC diameter − minimal end-inspiratory diameter IVC/ minimal end-inspiratory IVC diameter). 
Statistical analysis

Results
A total of 102 patients with a median age of 59 (range: 31-83 years) were evaluated in the study. Each measurement of the IVC diameter was compared with all of the hemodynamic parameters. First, correlations between IVC diameters and CVP values were investigated, and a difference was seen between IAP diameter groups relative to CVP levels (P < 0.001). In the group with an IAP ≥ 1.50 cm (n = 35), the median CVP value was 13 (1-27) cmH 2 O while in the group with an IAP < 1.50 cm (n = 67), the median CVP value was 7 (0-25) cmH 2 O.
In the group with an IML ≥1.50 cm (n = 50), the median CVP value was 10 (1-25) cmH 2 O while in the IML <1.50 cm (n = 52) group, the median CVP value was 7 (0-27) cmH 2 O and difference between IML diameter groups relative to CVP levels was not statistically significant (P = 0.070). A significant difference was found between the EAP diameter groups for CVP levels (P = 0.001).
In the group with an EAP ≥1.50 cm (n = 37), the median CVP value was 13 (1-27) cmH 2 O whereas in the group with an EAP <1.50 cm (n = 65), the median CVP value was 7 (0-20) cmH 2 O. A significant difference in CVP levels was not observed between the EML diameter groups (P = 0.178).
In the group with an EML ≥1.50 cm (n = 57), the median CVP value was 10 (1-25) cmH 2 O while in the group with an EML <1.50 cm (n = 45), the median CVP value was 7.5 (0-27) cmH 2 O. An ROC analysis was performed to determine cut-off values of CVP and other haemodynamic parameters relative to IVC diameters. The area under the ROC curve was calculated together with sensitivity and specificity values. The ROC analysis in cases with a CVP ≤12 cmH 2 O is summarized in Table 1 .
We did not find significant correlation between all IVC diameters and basic and advanced hemodynamic parameters. On the other hand, significant correlations were detected at some of laboratory parameters related to IVC diameters. In cases with Hmg level ≤ 11.8 g/dL, the EAP was ≥ 1.50 cm with 100% sensitivity and 42.35% specificity. In cases with Hct ≤ 35, the EAP was ≥ 1.50 cm with 94.12% sensitivity and 44.71% specificity. In cases with ScvO 2 ≤ 75, the EAP was ≥ 1.50 cm with 82.21% sensitivity and 49.02% specificity. In cases with WBC ≤ 12.500, the IAP was ≥ 1.50 cm with 67.31% sensitivity and 57.14% specificity [ Table 2 ]. We also did not find any significant correlation between dIVC% and hemodynamic parameters.
Discussion
As demonstrated in various investigations, IVC diameter is not affected by compensatory vasoconstriction, which is the body's response to hypovolemia. Therefore, it reflects the volemic status of the body better than other arterial parameters, such as BP, pulse rate, and aortic diameter. [5, 8] Only a few studies have investigated correlations between the IVC diameter and hemodynamic parameters. [9, 12, 13] In one of these studies, [12] the IVC diameter was reported to be a better predictor than the pulse rate, and BP of acute blood loss. However, we have not encountered any study that compares the IVC diameter and pulse pressure in predicting estimated blood loss. In our study, all of the basic hemodynamic parameters, including pulse pressure, were compared and no significant correlations were found.
In recent years, the use of ultrasonographic measurement of the IVC diameter for evaluating volemic status and guide fluid resuscitation therapy in ED has gained popularity. [3, 4, 8, 13] Many studies have focused on the relationship between the IVC diameter and fluid volume and contradictory results have been declared. [1, 4, 8, 11, 14, 15] Volemic status of patients has been estimated via pressures calculated by means of catheterizations of the pulmonary artery or the central vein. Because measurement of pulmonary artery pressure is a challenging procedure, it is rarely used in ED and CVP measurement is more frequently preferred. [2, 5] The CVP is a reliable parameter in the prediction of the volemic status of an organism in which there is normal myocardial function and an absence of any compression of the superior vena cava or occlusion of this vein. [5, 8] In recent years, an increasing number of studies have compared CVP and the IVC diameter. In some of these studies, a significant correlation was found between the CVP and the IVC diameter, most evaluated EAP, while some did not detect such a correlation. [1, [3] [4] [5] 8, 9, 11, [14] [15] [16] We evaluated both inspirium and expirium measurements of IVC similar to study of Akilli et al. [12] and detected significant correlation between the CVP and the IVC diameter. Various indicators that are accepted as advanced haemodynamic parameters, such as lactate and bicarbonate levels, BD, and pH, are widely used in the evaluation of shock. These indicators are enable in the early detection of hypoperfusion developing at the tissue level when vital signs are within normal limits. [2, 5] Few studies have investigated the relationship between the diameter of the IVC and advanced hemodynamic and laboratory parameters. [9, 12, 13] In our study, no significant correlation was found between diameter of the IVC and advanced hemodynamic parameters. A significant correlation was detected only between the EAP diameter and Hmg, Hct and correlation between IAP and WBC levels was also statistically significant.
Mixed venous oxygen saturation (SmvO 2 ) and ScvO 2 , have also been used to monitor critically ill patients and can indicate an early onset of hypoperfusion in the presence of normal vital signs. [2, 17] Measurement of the SmvO 2 requires pulmonary artery catheterization. Because it is an expensive, complicated, and invasive procedure, pulmonary artery catheterization is not a procedure often performed in ED. Central venous catheterization is not as invasive as pulmonary artery catheterization, and it allows for measurement of the ScvO 2 and CVP. Due to similarities found in many studies between ScvO 2 and SmvO 2 values, measurement of the ScvO 2 has been more frequently preferred in ED. [2, 17, 18] This study is the first to compare IVC diameters and ScvO 2 values. A significant correlation was detected only between the EAP diameter and ScvO 2 levels.
As a result of analyses performed, a significant correlation was found between the diameters of the IVC and CVP values as well as between the EAP diameter with Hmg, Hct, ScvO 2 levels and IAP with WBC. It was presumed that if a strong correlation was found between IVC diameters and basic and advanced hemodynamic parameters, then the use of IVC diameter could be suggested as a hemodynamic parameter in critically ill patients. In conclusion, measurement of IVC diameters, especially EAP may be useful at the monitoring of critically ill patients in EDs.
